Summary:
The ultrastructure of the parathyroid glands of magnesium-treated golden hamsters exposed to a 5 gravity environment was studied.
In the parathyroid glands of the magnesium-treated animals exposed to a hypergravity environment, the Golgi complexes and cisternae of the granular endoplasmic reticulum were increased as compared to those of the magnesium-treated animals and decreased as compared to those of animals exposed to a hypergravity environment, but were almost the same as those of the control animals.
In the control and experimental animals, the chief cells were rich in free ribosomes and mitochondria. In addition, numerous secrectory granules were situated close to the plasma membrane in the magnesium-treated animals exposed to a hypergravity environment. These observations suggest that the synthesis of parathroid hormone may be stimulated in the parathyroid glands of magnesium-treated hamsters exposed to hypergravity environment.
Not only calcium, but also magnesium has been known to play an important role in the reuglation of parathyroid hormone secretion (Buckle et Suzuki et al., 1986) . In addition, a morphological study by Altenahr and Leonhardt (1972) has dealt with the problem concerning the effects of magnesium on the parathyroid gland of rat. Recently, Utsumi et al. (1992) ultrastructurally studied the effects of magnesium on the parathyroid gland in golden hamster of different ages.
Many studies have shown the effects of a hypergravity environment on bone of animals (Rosenfeld et al. , 1973; Fosse et al. , 1974; Jaekel et al., 1977; Smith, 1977; Gazit, 1980; Pace et al., 1985; Simon et at., 1985; Wunder et al., 1987) . In addition, ultrastructural reports have dealt with the problem on the influence of a hypergravity environment on the parathyroid gland (Sannes and Hayes, 1975 ; Shoumura et at., 1988a, 1989a, 1989b; Isono et al., 1990; Shoumura et al., 1990 Shoumura et al., , 1991a Shoumura et al., , 1991b Shoumura et al., , 1992a Shoumura et al., , 1992b Shoumura et al., , 1992c .
However, there is no study on the effects of a hypergravity environment on the parathyroid gland of magnesium-treated animal. The present study is concerned with ultrastructural alterations of the parathyroid glands of magnesium-treated golden hamsters subjected to a hypergravity environment.
Materials and Methods
Four-to 6-month-old golden hamsters of both sexes with an average body weight of 180 g were divided into 4 groups of 5 animals each: the control group was given intraperitoneally 0.5 ml distilled water; the Mg group was given intraperitoneally 0.5 ml of a 4% magnesium sulfate solution; the SG group was placed in a chamber mounted on a 1.5-meter radius centrifuge, rotating at a constant speed of 53.4 rpm (5 g) after an intraperitoneal injection of 0.5 ml distilled water; the Mg-5G group was placed in the same chamber, rotating at a constant speed of 53.4 rpm after an intraperitoneal injection of 0.5 ml of a 4% magnesium sulfate solution. The parathyroid glands and blood of animals were removed 1 hr after the injection under sodium pentobarbital anesthesia. The glands were immersed in a mixture of 2.5% glutaraldehyde and 2% 0s04 in Millonig's buffer at 4°C and pH 7.4 for 1 hr, dehydrated through ascending concentrations of acetone and embedded in Epon 812. Thin sections were cut on a Porter-Blum MT-1 ultramicrotome, stained with uranyl acetate and lead citrate, and examined with a Hitachi H-700 H electron microscope.
In each golden hamster from 4 groups, 20 micrographs at a final magnification of x 22,000 were taken at random from different regions of the parathyroid glands. The area of cytoplasm, the Golgi complexes, cisternae of the granular endoplasmic reticulum, lysosomes, large vacuolar bodies and lipid droplets, and the number of secretory granules were estimated with the aid of an image analyzer (Digigrammer G-6, Mutoh).
The serum calcium levels of all animals were measured using a Corning calcium analyzer 940.
All data are presented as the means ± SEM. One-way analysis of variance was used to detect significant differences among the four groups, and then Duncan's multiple range test was used to determine differences between pairs of means. Significance was accepted at p < 0.05.
Results

Serum Calcium Level
The mean serum calcium concentrations (mg/ 100 ml) of the control and experimental groups are shown in Table 1 . In both the Mg-5G and Mg groups the mean serum calcium concentration was significantly lower (p < 0.05) than in the control and 5G groups. In the Mg-5G group it was significantly higher (p < 0.05) that in the Mg group.
Parathyroid Gland
The morphology of the parathyroid glands of the control group (Fig. 1) Shoumura et al., 1988a Shoumura et al., , 1988b Shoumura et al., , 1988c Isono et al., 1990) .
Most Golgi complexes were relatively well developed and contained some prosecretory granules in the Mg-5G group (Fig. 4) as well as in the control group (Fig. 1) . In the Mg group most Golgi complexes were associated with few prosecretory granules and were poorly developed (Fig. 2) , and in the 5G group many chief cells contained well-developed Golgi complexes associated with several prosecretory granules (Fig. 3) compared to those of the control group. In the Mg-SG and control groups cisternae of the granular endoplasmic reticulum were randomly distributed or sometimes arranged in parallel arrays (Fig. 1) . In the Mg group cisternae of the granular endoplasmic reticulum were poorly developed compared to those of the control group, and in the Mg-5G group cisternae of the granular endoplasmic reticulum were poorly developed compared to those of the 5G group (Fig. 3) . Secretory granules of 150-300 nm in diameter were scattered in the Golgi areas as well as in the peripheral cytoplasm, and especially in the Mg-5G and 5G groups secretory granules situated close to the plasma membrane were numerous (Figs. 3, 4) . Large secretory granules (Fig. 4 Inset) of 350-600 nm in diameter showed a lower electron density than the secretory granules. Large vacuolar bodies (Figs. 2, 4, Fig. 4 Inset) of 350-750 nm in diameter were sometimes observed in the cytoplasm, and some of them were seen near the Golgi areas. Transitional forms between the large secretory granules and large vacuolar bodies were present (Fig. 4) .
The results of the stereological investigations are shown in Table 2 . In the Mg-5G group the volume density occupied by the Golgi complexes was significantly increased (p < 0.05) as compared to that of the Mg group and appeared to be decreased in comparison with the 5G group, but was almost the same as that of the control group. In the Mg group the volume density occupied by the Golgi complexes was significantly lower (p < 0.05) than in the control and 5G groups. In the 5G group the volume density occupied by the Golgi complexes appeared to be increased compared to that of the control group. In the Mg-5G group the volume density occupied by cisternae of the granular endoplasmic reticulum appeared to be increased as compared to that of the Mg group and was significantly decreased (p < 0.05) in comparison with the 5G group, but was almost similar to that of the control group. In the Mg group the volume density occupied by cisternae of the granular endoplasmic reticulum was significantly decreased (p < 0.05) compared to that of the control and 5G groups. In the 5G group the volume density occupied by cisternae of the granular end- Table 2 . Volume densities of the Golgi complex (G), granular endoplasmic reticulum (ER), lysosome (Ly), large vacuolar body (V) and lipid droplet (LD): the volume densities are presented as percentage of cytoplasmic volume. Number of secretory granules (SG) per 1001.1m2 in the cytoplasm.
Values are means ± SEM. p• < 0.05: significant difference from control group b p < 0 .05: significant difference from MG group p• < 0.05: significant difference from 5G group dp < 0 .05: significant difference from Mg-5G group oplasmic reticulum appeared to be increased as compared to that of the control group. In the Mg-5G and 5G groups the volume density occupied by lipid droplets was significantly greater (p < 0.05) than in the Mg group. There were no significant differences among the four groups with regard to secretory granules, lysosomes and large vacuolar bodies.
Discussion
The result of magnesium treatment is the reduction in serum calcium (Gitelman et al., 1968; Radde et al., 1968; Mountokalakin et al., 1972; Suzuki et al. , 1986) , and the hypocalcemic response to the magnesium infusion is due to suppression of parathyroid function (Suzuki et al. , 1986) .
In the present study, the principal changes in the parathyroid glands of the Mg group, compared to those of the control group, were a significant decrease in the Golgi complexes and the cisternae of the granular endoplasmic reticulum. In addition, many chief cells contained a few prosecretory granules in the Golgi areas. These findings are fairly consistent with the observations of a decrease in functional activity of the parathyroid gland (Roth and Schiller, 1976; Isono et al., 1977 Isono et al., , 1980 Shoumura et al., 1992d) . Similar results have also been described in the parathyroid glands of magnesium-treated rats (Alteâhr and Leonhardt, 1972) . The present study demonstrated that in the Mg group the serum calcium level also showed a significant decrease in comparison with the control group. Furthermore, in the parathyroid glands of the 5G group the Golgi complexes and cisternae of the granular endoplasmic reticulum appeared to be increased and lipid droplets were significantly increased as compared to those of the control group, as observed in the parathyroid glands indicating increased functional activity in golden hamsters exposed exposed to a hypergravity environment (Shoumura et al., 1988a (Shoumura et al., , 1989a (Shoumura et al., , 1989b Isono et al. , 1990; Shoumura et al. , 1990 Shoumura et al. , , 1991a Shoumura et al. , , 1991b Shoumura et al. , , 1992a Shoumura et al. , , 1992b Shoumura et al. , , 1992c .
In the present study, in the Mg-5G group the Golgi complexes and lipid droplets were significantly increased and cistarnae of the granular endoplasmic reticulum appeared to be increased as compared to those of Mg group. The serum calcium level in the Mg-5G group was significantly greater than in the Mg group. The observations suggest that parathyroid cellular activity stimulated in response to a hypergravity environment increased the serum calcium level. In addition, in the Mg-5G group the Golgi complexes appeared to be decreased and cisternae of the granular endoplasmic reticulum showed a significantly decrease compared to 5G group. The serum calcium level in the Mg-5G group was significantly lower than in the 5G group. The morphology of the parathyroid glands of the Mg-5G group was almost the same as that of the control group. Therefore, we think that the parathyroid gland of golden hamster suppressed by treatment of magnesium and stimulated in response to a hypergravity environment may show the secretory activity of the parathyroid gland of the control group . 
